Identification of hypoxia-response element in the human endothelial nitric-oxide synthase gene promoter.
The human endothelial nitric-oxide synthase gene (heNOS) is constitutively expressed in endothelial cells, and its expression is induced under hypoxia. The goal of this study was to search for regulatory elements of the endothelial nitric-oxide synthase (eNOS) gene responsive to hypoxia. Levels of eNOS mRNA, measured by real time reverse transcriptase-PCR analysis, were increased, and heNOS promoter activity was enhanced by hypoxia as compared with normoxia control experiments. Promoter truncation followed by footprint analysis allowed the mapping and identification of the hypoxia-responsive elements at position -5375 to -5366, closely related to hypoxia-inducible factor (HIF)-responsive element (HRE). To test whether known HIF-1 and HIF-2 are involved in hypoxia-induced heNOS promoter activation, HMEC-1 and HUVEC were transiently transfected with HIF-1alpha and HIF-1beta or HIF-2alpha and HIF-1beta expression vectors. Exogenous HIF-2 markedly increased luciferase reporter activity driven by the heNOS promoter in its native location. The induction of luciferase was conserved with the antisense construct and was increased in cotransfection experiments when this fragment was cloned 5' to the proximal 785-bp fragment of the eNOS promoter. Deletion analysis and site-directed mutagenesis demonstrated that the two contiguous HIF consensus binding sites spanning bp -5375 to -5366 relative to the transcription start site were both functional for heNOS promoter activity induction by hypoxia and by HIF-2 overexpression. In conclusion, we demonstrate that heNOS is a hypoxia-inducible gene, whose transcription is stimulated through HIF-2 interaction with two contiguous HRE sites located at -5375 to -5366 of the heNOS promoter.